Appropriate preservation of a range of water types prior to analysis for endotoxin was investigated, including sample storage and addition of sodium thiosulphate. Biologically active endotoxin in water samples was assayed using a chromogenic Limulus Amoebocyte Lysate (LAL) assay. Statistical analysis of measured mean endotoxin levels obtained for samples with and without sodium thiosulphate showed no significant difference in results. There was a 44% mean decline in the concentration of detectable endotoxin in water samples stored at 2808C for 4 weeks compared with samples stored at 48C and analysed within 24 hours. Freezing of water samples at 2808C in pyrogen-free containers for 4 weeks or longer, then thawing may lead to considerable endotoxin loss; however the addition of sodium thiosulphate to water samples interferes minimally with the LAL assay. These results provide methodological information that can be used to assist researchers in future water endotoxin monitoring studies. The validation and standardisation of water sample preservation protocols are necessary, given the likely increase in the quantification of endotoxin levels in a variety of water sources and the use of such results for health effect determinations.
INTRODUCTION
Effective health risk management requires potential hazards and hazardous events to be identified, followed by an assessment of the level of risk such hazards present to human health. Expansion of the use of alternative water sources, including recycled water in public car washing facilities, for fire fighting and for household domestic uses, where there is an effective delivery vector for respirable aerosols, focuses attention on the levels of residual biological components in water that may cause infection and/or inflammation. Endotoxin is a biological hazard that has potential to cause adverse respiratory effects through inhalation exposure (Anderson et al. 1996; Rose et al. 1998; Anderson et al. 2007) . Endotoxin is a component of the lipopolysaccharide complexes that make up part of the outer layer of the cell wall of most Gram negative bacteria and some cyanobacteria (Burger et al. 1989; Crook 1996; Anderson et al. 2003) .
The presence and concentration of aqueous endotoxin can be determined using extracts of blood cells of the horseshoe crab (Limulus polyphemus) (Seigel & Nachum 1977 (Thorne et al. 2003 ). There are now many variations of the original LAL test with endpoints variously described as gel-clot, dry-clot, doi: 10.2166/wst.2009.494 turbidity or yellow or magenta colour (chromogenic) (Anderson et al. 2002) . The kinetic chromogenic method uses the kinetics of endotoxin activation of the LAL enzymatic cascade, and with a microplate reader equipped with kinetic software it is possible to measure over a three log range. This is achieved by continuously registering the absorbance during the assay and specifying the time to reach an absorbance of 405 nm for each well in the microplate (Duné r 1993).
The LAL assay is a standardised one, routinely employed for the analysis of pharmaceutical solutions. It has also been employed for the analysis of drinking waters (Jorgensen et al. 1976; Sykora et al. 1980; Haas et al. 1983; Korsholm & Sogaard 1988; Rapala et al. 2002) and wastewater samples (Jorgensen et al. 1976; Sykora et al. 1980; Kontana et al. 2008; O'Toole et al. 2008) . In particular, wastewater, recycled and alternative water sources may contain a range of constituents with potential to enhance or inhibit the LAL assay and, thus, require special consideration. Accordingly, due attention must be given to water sample processing and storage. In this regard, parallels can be drawn with LAL assay of dust samples for endotoxin where different approaches to sampling and processing, including storage (frozen) of sample extracts have been shown to lead to substantial differences in the assessment of endotoxin exposure (Douwes et al. 1995) .
Prior to performing a monitoring program for endotoxin in a variety of water types, our study was undertaken to assess the impact of sample storage conditions for extended periods on detected endotoxin levels. The impact of water sample storage at 2808C on measured endotoxin was not documented in the literature. Extended storage of water samples, provided that it does not give rise to changes in endotoxin levels, enables the processing of larger batches of samples, giving rise to associated operational (labour and cost) advantages and assists in solving logistical (scheduling) problems. As recycled water samples may contain high levels of chlorine compounds requiring quenching, the impact of addition of sodium thiosulphate to water samples on endotoxin levels was also evaluated. Whilst the scientific literature infers minimal effect of sodium thiosulphate on the LAL assay (Jorgensen et al. 1976; Haas et al. 1983) details presented previously have been limited, hence we considered that verification was important.
METHODS
The impact of the addition of sodium thiosulphate to sample bottles on measured endotoxin levels was evaluated using 12 water samples, with ten samples also used to The amount of residual endotoxin in ten water samples stored at 2808C for time periods up to 22 weeks, expressed as a percentage of initial endotoxin levels in samples stored at 48C and analysed within 24 hrs, is summarised in Table 2. Results show a 44% mean decline in the concentration of detectable endotoxin in the LAL assay in water samples stored at 2808C for 4 weeks when compared with the water samples stored at 48C and analysed within 24 hrs. Results also show a continuing decline in detectable endotoxin levels beyond 4 weeks, with mean detectable endotoxin levels only 12% of initial levels after 22 weeks storage at 2 808C. Initial endotoxin levels of samples ranged from 81 to 47,000 EU/mL.
RESULTS AND DISCUSSION

The health risk associated with aqueous endotoxin
relates to the likelihood of water containing high endotoxin levels being used for activities where respirable aerosols are produced, leading to exposure of susceptible individuals to levels of aerosolised endotoxin sufficient to cause illness. In order for this risk to be assessed, monitoring for endotoxin in a variety of water sources is required. Appropriate preservation of water samples prior to analysis for endotoxin is important to assure the integrity of analytical results and, was the focus of this study.
Our endotoxin results for water samples collected from a range of sources confirm other results from the literature that sodium thiosulphate interferes minimally with the LAL assay (Jorgensen et al. 1976; Haas et al. 1983 ). However, evidence in the literature is somewhat limited; with scant details presented by investigators (results only given for seven samples) (Jorgensen et al. 1976) or reference only to control experiments (Haas et al. 1983) . Although the number of samples tested in our study was also limited and there was high variability in endotoxin levels associated with the diversity of samples analysed, our results add to the existing body of evidence, supporting non-interference of sodium thiosulphate with the LAL assay. This finding is As an alternative to sample storage at 48C, some investigators have reported the freezing of water samples at 2208C upon arrival at the laboratory (Rapala et al. 2002) or freezing at 2808C following filter sterilisation (Wichmann et al. 2004) . However, no validation data for these water sample preservation practices has been pre- 
CONCLUSIONS
Our results highlight the need for standardising sample preservation protocols to ensure that estimates of endotoxin exposure in water for health effect determinations are accurate and provide methodological information that can be used to assist researchers in future water endotoxin monitoring studies. This information is important for investigators already using the LAL assay but unfamiliar with the analysis of water samples or water testing laboratories newly considering analysis of water for endotoxins. As further consideration is given to the expanded uses of recycled and other alternative water sources, the need for quantification of endotoxin levels in such waters is likely to increase, which heightens the importance of validating methodological aspects of endotoxin analysis.
